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ROLE OF TALL HERBACEOUS PLANTS 
IN SOIL FORMATION 


TEN KHAK MUN and L. V. FEDOROVA, Sakhalin Combined Scientific Research Institute 


The tall herbaceous vegetation common to Sakhalin and the Kuril Islands has 


a significant effect on soil formation. 


This effect is manifest chiefly in the 


concentration of chemical elements and the accumulation of organic matter. 
As biogenous conditions in the soil substrates improve under tall plants, so do 


the soil nutrition conditions. 


This results in the appearance of inheritable 


rapid plant growth and high productivity and in the establishment of typical tall 


herbaceous plant cenoses. 


Plants are known to be one of the lead- 
ing factors in soil formation. The direction 
and intensity of this process vary with the 
type of plant association because each as- 
sociation and the individual components of a 
phytocenosis have a different ability to 
assimilate minerals and accumulate or- 
ganic matter. The differences in the 
chemical composition of the plants and the 
specificity of the microbial soil population 
determine the rate of decomposition of 
plant litter and the rate of the biological 
cycle. 


Very interesting in this respect are the 
tall herbaceous plants common on Sakhalin 
and the Kuril Islands. They grow on almost 
all kinds of soils, even primitive ones, but 
mostly on well-drained alluvial or diluvial 
deposits. However, these plants grow tall 
or "gigantic" only on sufficiently fertile 
soils or in developed phytocenoses. Con- 
sequently, their high rate of growth and high 
biological productivity can be ascribed not 
only to their inherited properties but also 
to nutrition conditions. 


An attempt is made here to show the 
role of tall herbaceous plants in the ac- 
cumulation of chemical elements in the 
rhizosphere. The soil samples and plant 
specimens were analyzed by standard 
methods. 
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The soils under tall herbaceous 
vegetation have more humus, nitrogen, 
phosphorus, potassium, adsorbed calcium, 
and manganese than the same soils under 
other vegetation [2]. The microflora is 
also much more diverse and abundant 
under tall plants [2]. 


The tall plants in typical growths inten- 
sively take up manganese from the soil, 
which accumulates in the upper horizon 
after the plants die off. This is evidenced 
by the richness of the soil in this element 
under natural tall herbaceous plant com- 
munities and in perennial plantations of 
some of the tall plant species [3]. The 
soils under such plants are also rich in 
nitrogen and potassium, which occupy first 
place in the biological uptake series [5]. 


The results of studies on Kunashir 
Island near the Golovnino volcano give 
some idea of the participation of tall her- 
baceous vegetation in the concentration of 
chemical elements. Individual beds of 
two species of tall herbaceous plants 
Polygonum sachalinense and P. Weyrichii, 
are found here on a terrace on the north- 
east shore of Lake Goryacheye. These 
plants range in height from several cm to 
1 m or more. The soil is primitive, sub- 
aqual, formed on lacustrine deposits of 
volcanic origin (gritstone, sandstone, 
sands). 
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Table 1 


Amount of nitrogen and mobile elements and numbers of micro- 
organisms in the soil 


ing a height (cm) of 3—10 
The same 170—190 


Soil under Polygomun Weyrichii 
| reaching a height (cm) o. 10—15 
The same 60—70 
Soil without plants 


Mobile elements, 


Table 2 
Amount of nitrogen and carbon in Polygonum sachalinense 


Deposits bare of vegetation contain 
0. 038% nitrogen. When plants settle on 
them, their nitrogen content increases, 
probably because of its fixation from the 
air or concentration from its dispersed 
state by oligonitrophilic microorganisms 
whose numbers increase under Polygonum 
(Table 1). 


The direct relation between plant height 
and the nitrogen content of the soil and the 
inverse relation between plant height and 
the C:N ratio in plant tissues (Table 2) are 
noteworthy. Because of the narrower C:N 
ratio in the tall plants, conditions under 
them are more favorable to the develop- 
ment of the soil microflora than in soil 
under dwarf forms (Table 1). The rela- 
tively good biogenous conditions and high 
biological activity in the soil under tall 
plants promote the more rapid mineraliza- 
tion of organic residues and the accumula- 
tion of mobile elements in the root zone of 


or 


Plant height, In the leaves 
em amoan] easton | om | 
3—10 2,61 28,85 14,2 
170—190 4,37 29,35 7,5 


1,12 33,14 32,0 
2,45 36,90 15,1 


the soil. For example, in soils bare of 
vegetation and under dwarf plants, the 
content of ammonium nitrogen was 1. 06 to 
1. 16 mg/100 g of soil compared to 1.57 to 
2.15 mg/100 g in soil under tall plants. 
Nitrate nitrogen was not found in either 
case, probably because of its biological 
uptake by the plants, Mobile forms of 
phosphorus, potassium, and manganese 
were found only under the tall Polygonum 
forms. 


There was less ferric and ferrous 
oxide, manganese, magnesium, and po- 
tassium but more aluminum and sodium 
in the soil under dwarf plants and in the 
bare soil than in the soil under tall plants 
(Table 3). The amount of microelements 
in the soil, particularly nickel, cobalt, 
chromium, lead, tungsten, and copper, 
increased in proportion to plant height 
(Table 4). Molybdenum was found only in 
the root zone of the tall forms. 
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Table 3 
Total amount of elements in the soil, % of ignited sample 


Soil under Potygomim 
sachalinense reach- 


ing a height (cm) of 
ng, a hoig (cm) 


a n P. Weyrichii 
same for P. e 
p15 ~~ 
60—70 
Soil without plants 


a 


Table 4 
Amount of some microelements in the soil, % of oven-dry weight 


Soil under Polygonum sachalinense 
reaching a height (cm) of 0,0001 


None 
0,0001 


Soil without plants None 


The same 
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Table 5 
Amount of ash elements in Polygonum, % of oven-dry substance 


ay on Sk Sa 


0 
0 
0 
0 
0 
0 
1 
1 


Since the soil was sampledfor chemical 
analysis during the period of rapid plant 
growth (July), i.e., at the time of maximum 
uptake of mineral elements from the soil, 
it was natural to expect the absolute amount 
of many ash substances in the root zone to 
be fairly high inasmuch as the accumulation 
of elements is directly related to the 
amount of the biomass. 


Thus, as the height and productivity of 
the plants increase, so does the accumula- 
tion of nitrogen and other chemical com- 
pounds, andbiogenous conditions in the soil 
substrates improve. It will be noted that 
the low-growing plants assimilate chemical 
elements more actively (Table 5) with the 
exception of potassium, the content of 
which increases with increasing plant 
height. 


Tall herbaceous vegetation absorbs sub- 
stances from the water running off the soil 
surface. This is evidenced by the wide 
distribution of these plants on the lower part 
of mountain slopes, on the brows of river 
terraces, and in drained depressions where 
they frequently grow on gravel or other 
primitive or thin soil substrates. Under 
these conditions, the substances dissolved 
in the water running off a slope are inter- 
cepted by the well-developed roots, most 
of which are concentrated in the upper soil 
layer, and are fixed in the vegetating mass 
of the plants. This may also explain the 
observed regular increase in the height of 
shoots and in the biomass of tall herbaceous 
vegetation on mountain slopes with de- 
creasing local elevation [1]. 
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It is also possible that tall plants can 
assimilate nutrients from the air through 
their large leaf surface since they grow 
chiefly in regions with a considerable 
sea salt content of the air. Ponomareva 
considers this an important factor in the 
increase in plant growth rate in the Pacific 
area [4]. 


Because of the ability of plants to take 
up chemical elements from the environment 
in the habitats of large herbaceous plant 
communities and of the absence of signifi- 
cant leaching, there is a substantial pro- 
gressive accumulation of mineral com- 
pounds, thus encouraging soil formation. 


Tall herbaceous vegetation has great 
vitality, which is reflected in its con- 
siderable potential for seed and vegetative 
reproduction. The first generation from 
seed is only a few centimeters tall. As it 
ages, the total biomass increases as does 
the amount of litter, which becomes almost 
completely mineralized in a single year. 
This liberates the chemical elements taken 
up by the plants during the growing season. 
Humus and mineral elements gradually ac- 
cumulate from year to year in soils under 
the tall herbaceous vegetation. This en- 
riches the soil and results in the formation 
of more complex phytocenoses consisting 
of tall herbaceous forms. Thus, favorable 
mineral nutrition conditions are created 
for the tall herbaceous vegetation as a 
result of the preceding long-term vital 
activity of the annual succession of genera- 
tions of monocarpic shoots of these 
plants. 


SOVIET SOIL SCIENCE 


The foregoing properties of tall herba- 
ceous vegetation are directed toward the 
external manifestation of hereditary 
characteristics of rapid growth and high 
productivity. The combination of all these 
abilities should be regarded as self-regu- 
lating systems of relations between plants 
and their habitat. 
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